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The Human Hair Bulb is a Source and Target of CRH
To the Editor:
Hair follicles operate as independent peripheral endocrine
organs, which synthesize, metabolize and/or process many
hormones (Hoffmann, 2001; Paus et al, 1999; Foitzik et al,
2003). After we had reported that murine hair follicles not only
serve as a receptor-expressing target for corticotropin
releasing hormone (CRH), the most proximal element of the
hypothalamic-pituitary-adrenal (HPA) axis, but also show hair
cycle dependent changes of CRH immunoreactivity (IR) (Roloff
et al, 1998), the human hair follicle came under scrutiny as a
source and a target of CRH (Table I). Indeed, Slominski et al
(1999), Kono et al (2001) and Quevedo et al (2001) have
reported both CRH receptor 1 (CRH-R1)- and CRH-like IR in
the outer root sheath (ORS) of human scalp hair follicles.
However, it is still quite unclear whether and where CRH and/
or CRH-R1 proteins are expressed in the actual hair shaft
factory, the hair bulb of human anagen VI hair follicles (Paus
and Cotsarelis, 1999), whether the human anagen hair bulb
also transcribes the corresponding genes, and whether
human hair follicle melanocytes express CRH and/or CRH
receptor (as has been reported for cultured epidermal
melanocytes (Slominski et al, 1995; Funasaka et al, 1999)).
To address these questions, human fronto-temporal
scalp skin specimens from 5 female patients aged 55–67
years (mean: 60) were obtained with informed consent
during routine face-lift surgery. Acetone-fixed cryosections
(8 mm) of the specimens were immunostained with a
monoclonal goat antibody directed against the C terminal-
20 peptide of human CRH (Santa Cruz, Santa Cruz, CA), or
a monoclonal goat antibody directed against C terminal-20
peptide of human CRH-R1 (Santa Cruz), or a monoclonal
mouse antibody against NKI/beteb (MONOSAN, Kathari-
nen, Germany) (Vennegoor et al, 1988) using the highly
sensitive immunofluorescent tyramide signal amplification
(TSA) technique (Perkin Elmer, Boston, MA) (Roth et al,
1999). The expression of mRNA for CRH and CRH-R1 in
human hair follicles was determined by reverse transcrip-
tion-polymerase chain reaction (RT-PCR). The total RNA
was extracted from 10 human anagen VI scalp hair follicles
that were microdissected as described (Magerl et al, 2002),
using the RN easy kit (QIAGEN, Hilden, Germany). Only the
microdissected lower (proximal) third of the hair follicle was
used for RNA extraction so that the detected transcripts
reflect gene expression only in the epithelial anagen hair
bulb, the follicular dermal papilla and the proximal con-
nective tissue sheath. The extracted RNA was reverse-
transcribed with random hexamer and reverse transcriptase
provided in 1st Strand cDNA Synthesis Kit for RT-PCR
(Boehringer, Mannheim, Germany) and subsequent PCR
amplification was performed on the UNO-Thermoblock
(Biometra, Go¨ttingen, Germany). As shown in Fig 1A,D,
we confirm the strong immunoreactivies for CRH and
CRH-R1 throughout the ORS that had been reported
previously( Tb 1) (with less sensitive immunofluorescense
technique). Using this as positive controls, we next looked
at the anagen VI hair bulb, where CRH-like IR was seen also
in the proximal ORS, dermal papilla and keratinocytes of the
most proximal hair matrix (Fig 1B,b).
Surprisingly, prominent CRH-like IR was detected in the
special basement membrane-like extracellular matrix region
that links the follicular dermal papilla with the hair matrix
(Link et al, 1990; Paus and Cotsarelis, 1999), while much
weaker CRH-like was seen throughout the proximal base-
ment membrane zone of the hair follicle which separates it
from the connective tissue sheath of the hair follicle (Fig 1B).
Double staining for NKI/beteb and CRH showed that the
hair follicle melanocytes of the anagen VI hair bulb express
CRH-like IR (Fig 1C). Use of the very sensitive TSA
immunofluorescence technique revealed that strong CRH-
R1-like IR is present in all layers of the distal, central (Fig 1D)
and proximal ORS (Fig 1E). The positive CRH-like in this
region and the directly adjacent basement membrane zone
(Fig 1A,B) suggests the possibility of auto- and paracrine
CRH signaling of the CRH-R1þ ORS. Interestingly, se-
lected, peripherally located keratinocytes of the most
proximal hair matrix, which represent one of the most
rapidly proliferating cell populations of the mammalian
body, were also CRH-R1þ (Fig 1E).
Double staining for NKI/beteb and CRH-R1 showed that
the melanin-producing melanocytes of the hair follicle
pigmentary unit (Tobin and Paus, 2001) are CRH-R1-
negative, while selected amelanotic melanocytes of the
proximal hair bulb were CRH-R1þ (Fig 1F). This resembles
to the expression pattern reported for the proopiomelano-
cortin products, a-MSH and ACTH, in human hair follicle
melanocytes1, whose pituitary expression is under the
control of hypothalamus-derived CRH. Based on the
intrabulbar receptor distribution, CRH-R1 signaling may be
involved the control of hair follicle melanocyte differentiation
and transition of undifferentiated melanocytes to melano-
genically active cells of the hair follicle pigmentary unit
which, itself, appeared to be CRH-R1 negative.
Our RT-PCR data from microdissected anagen VI hair
follicles provide the first available evidence that the human
hair bulb actually transcribes the CRH and CRH-R1 genes
Abbreviations: CRH, corticotropin releasing hormone; CRH-
R1, corticotropin releasing hormone-receptor1; IR, immu-
noreactivity; ORS, outer root sheath; IRS, inner root sheath.
1Krauser S, Schallreuter KU, Thody AJ, Gummer C, Tobin DJ:
Human hair follicle melanocytes express a-MSH and ACTH in a
hair growth cycle-dependent manner. J Invest Dermatol 121:845,
2003 (abstr).
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(Fig 2A). That the band generated with RNA derived from
microdissected anagen hair bulbs was stronger than the one
from the total scalp skin extracts suggests that most CRH
transcripts in human scalp skin are actually located in the
anagen hair bulb (Fig 2B). This is in line with the strong CRH-
like IR found in this skin compartment (Fig 1B). While it
had already been reported that full-thickness human skin,
human epidermis as well as cultured human epidermal
keratinocytes, epidermal melanocytes and sebocytes all
transcribe both the CRH and the CRH-R1 genes (Slominski
et al, 1995, 1998; Funasaka et al, 1999; Kono et al, 2001;
Zouboulis et al, 2002) (Table I), we here present the first
evidence that the human hair follicle actually expresses CRH
and CRH-R1 transcripts. This nicely complements the
previous discovery of CRH-R2b transcripts by in situ
hybridization in human scalp hair follicles, which reportedly
is up-regulated by acute emotional stress (Katsarou-Katsari
et al, 2001) (Table I).
In summary, here we provide the first evidence that (1) the
basement-membrane zone between hair matrix and dermal
papilla is the strongest source of CRH-like IR in the human
hair follicle, that (2) hair follicle melanocytes in the hair bulb
express CRH-like IR, that (3) not only the ORS of human
anagen hair follicles, but also selected keratinocytes in the
proximal hair matrix and a subpopulation of amelanotic
melanocytes of the proximal hair bulb express CRH-R1-like
IR and that (4) the human anagen hair bulb actually
transcribes the CRH and CRH-R1 genes. Therefore, not only
the sebaceous gland (Kono et al, 2001; Zouboulis et al, 2002)
but also the human anagen hair follicle can be considered
both a follicular target for and a source of CRH, indicating
that the entire pilosebaceous unit is an important peripheral
source of this ‘hypothalamic’ hormone.
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Table 1. Reported patterns of CRH and CRH-R expression in human skin
Method Reported location Ref.
CRH Protein Immunofluorescence epidermis, ORS, blood vessels, nerve bundles Slominski et al (1999)
TSA basal layer of epidermis, ORS, sebaceous glands Kono et al (2001)
Immunohistochemistry sebocyte cell line+ Zouboulis et al (2002)
mRNA RT-PCR normal scalp skin, compound nevus Slominski et al (1995)
basal cell carcinoma, melanocytes+
RT-PCR melanoma cells+, squamous cell carcinoma+ Slominski et al (1998)
RT-PCR melanocytes,+ melanoma cells+, nevus cells+ Funasaka et al (1999)
RT-PCR sebocyte cell line+ Zouboulis et al (2002)
in situ hybridization epidermis, sebaceous gland Kono et al (2001)
CRH-R Protein Radioimmunoassay dermal fibroblasts Fleisher et al (1998)
Immunohistochemistry epidermis2, ORS2 Quevedo et al (2001)
Immunohistochemistry ORS Kono et al (2001)
Immunohistochemistry sebocyte cell line1+ Zouboulis et al (2002)
mRNA RT-PCR normal scalp skin, compound nevus Slominski et al (1995)
basal cell carcinoma
melanocyte4+, keratinocytes4+
RT-PCR squamous cell carcinoma2+, melanoma cells2+ Slominski et al (1998)
RT-PCR melanocytes,+ melanoma cells+, nevus cells+ Funasaka et al (1999)
RT-PCR normal skin, sebaceous gland Kono et al (2001)
RT-PCR sebocyte cell line1+ Zouboulis et al (2002)
in situ hybridization3 ORS5 Katsarou-Katsari et al (2001)
¼ in situ,
+¼ in cell culture,
1¼CRH-R1 and CRH-R2 studied,
2¼CRH-R1 studied,
3¼CRH-R2b studied,
4¼ after UVB treatment,
5¼Upregulated in alopecia areata induced by acute emotional stress.
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Figure 1
Expression of CRH and CRH-R in human anagen VI hair follicles. CRH-
like IR is detected in the distal ORS (A), in the proximal ORS, dermal
papilla, special basement membrane like extracellular matrix lesions (B)
and keratinocytes of the most proximal hair matrix (b). Double
immunofluorescence of NKI/beteb (Rhodamine) and CRH (FITC) showed
that the melanocytes in the human anagen VI hair bulb express CRH-like
IR (yellow arrowsC). CRH-R1-like IR is detected in the distal ORS (D), the
proximal ORS and the keratinocytes of the most proximal hair matrix (E).
Using double immunofluorescence of NKI/beteb (Rhodamine) and CRH-
R1 (FITC), only amelanotic melanocytes in the periphery of the proximal
hair matrix (Tobin and Paus, 2001) showed double positivity (yellow
arrows), as opposed to the melanogenically active melanocytes of the
hair follicle pigmentary unit (HFPU) (Tobin and Paus, 2001) which were
NKI/betebþ , but CRH-R1-negative. (F)ORS: outer root sheath, IRS:
inner root sheath, HS: Hair shaft, DP: dermal papilla.
Figure2
Presence of CRH and CRH-R transcripts in microdissected human hair
follicles. (A) Anagen hair bulb from female scalp hair follicle actually
transcribes the CRH and the CRH-R1 genes. Whole human scalp skin
served as a positive control (Slominski et al, 1995). 1: human scalp skin,
2: human anagen VI hair follicles (B) The intensity of the CRH transcripts
in human hair follicles is higher than in total scalp skin. Quantitative
analysis was performed by densitometry using NIH image software
(NIH, MA, U.S.A). The intensity of CRH-mRNA expression was
compared with that of b-actin in the same sample. The primers used
in this study were as follows: CRH sense: 50-CAC CCT CAG CCC TTG
GAT TTC-30, antisense: 50-GCC CTG GCC ATT TCC AAG AC-
30(GenBank accession number: BC002599), CRH-R1 sense: 50-GCC
CTG CCC TGC CTT TTT CTA-30, antisense: 50-GCT CAT GGT TAG CTG
GAC CA-30 (GenBank accession number: NM004382), b-actin: sense:
50-CGA CAA CGG CTC CGG CAT GTG C-30, antisense: 50-CGT CAC
CGG AGT CCA TCA CGA TGC-30 (GenBank accession number:
NM001101). Following initial denaturation at 941C for 5 min, the profile
of 35 PCR cycles was as follows: denaturation: 30 s at 941C, annealing:
30 s at 601C (CRH) or 531C (CRH-R), 1 min at 551C (b-actin), extension:
2 min (CRH, CRH-R) or 1 min (b-actin) at 721C, followed by a final
extension at 721C for 7 min. The obtained PCR products were analyzed
by electrophoresis on 2% agarose gels. The gels were stained with 0.02
mg/mL ethidium bromide and visualized by an ultraviolet transilluminator.
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